Abstract. The regulation of anther dehiscence by relative humidity (RH) was assessed for detached anthers and detached whole flowers from a limited selection of apricot (Prunus armeniaca L.), peach [P. persica (L.) Batsch], and almond [P. dulcis (Mill.) D.A. Webb, syn. P. amygdalus Batsch; P. communis (L.) Arcangeli, non Huds.] genotypes, as well as an almond X peach F 2 progeny. Dehiscence was evaluated at 33, 64, 87, 93 and 97% RH for detached anthers, and at 33, 64 and 97% RH for whole detached flowers. Anther dehiscence was suppressed with increasing RH for all genotypes. Apricot anthers showed the greatest dehiscence at low RH and measurable dehiscence at high RH even when detached. Anther dehiscence in almond appeared more suppressed than in apricot at all RH levels tested, being completely suppressed by high RH in detached anthers. Peach genotypes exhibited the full range of variability between apricot and almond patterns. Evidence for transgressive segregation of RH-controlled anther dehiscence was observed in the occurrence of cleistogamy in an almond x peach F 2 progeny. Rates of anther dehiscence were approximately linear with change in RH in detached anthers but exhibited a more buffered, step-wise response when detached whole flowers were tested. Results are consistent with field observations, and highlight the low but measurable risk of cleistogamy in these species, as well as opportunities to modify the breeding systems and crossing environments to facilitate controlled hybridization, and to reduce pollination vulnerability to adverse environments.
Apricot, peach, and almond are among the earliest flowering of the economically important temperate tree fruit crops. Flowering in California occurs during the end of the winter storm season, and weather conditions during bloom are a major determinant of final crop size (Hesse, 1975; Kester and Gradziel, 1996) . Rain during bloom remains the most serious threat to fruit set due to its promotion of floral disease and its suppression of self-and crosspollination. Pollination failures can also result from the excessive hydration and rupture of pollen grains when exposed to free water, and from the suppression of anther dehiscence by high RH (Corbet, 1990) . While the effects of water content on pollen hydration and germination have been well characterized (Bassani et al., 1994; Gilissen, 1977; Heslop-Harrison, 1979) , few studies have examined the influence of differing RH on anther dehiscence for crop species. In pecan [Carya illinoinensis (Wang.) K. Koch (syn. C. illinoensis auct.)], an anemophilous species with a heterodichogamous flowering habit, increasing RH suppressed anther dehiscence, although this influence could be reduced by increasing temperatures (Yates and Sparks, 1993) . Very high RH generally suppresses anther dehiscence in peach and almond (Hesse, 1975) . Layne et al. (1996) warned that apricot flower buds harvested for subsequent pollen collection need to be stored at low temperatures to suppress anther dehiscence even at the high internal RH of the closed flower bud at balloon or popcorn stage. Such pre-anthesis cleistogamy (Lord, 1981) , while rarely observed in our breeding work in almond, has occasionally been observed in peach and in progeny from interspecific peach x almond crosses. Self-pollination associated with undetected cleistogamy could confound breeding progress and genetic studies (Frankel and Galun, 1977) . Cleistogamous pollination, however, could protect generative organs from inclement weather and disease (Corbet, 1990) . Similarly, the use of high RH to suppress anther dehiscence of otherwise open and receptive flowers would achieve a functional self-sterility that could be exploited to effect hybridization without the tedium and damage associated with physical emasculation. Genetic differences in the dehiscence response of anthers to RH have been reported in pecan (Yates and Sparks, 1993) and several noncommercial species (Corbet, 1990) . The goal of this study was to assess the influence of both Prunus genotype and RH on anther dehiscence.
Materials and Methods
Plant material. Four genotypes of peach and two each of apricot, almond, and an almond X peach F 2 were selected for their range of flowering types and breeding habits (Table  1) . Flowers at the white-tip (apricot) or pinkbud stage of development (almond and peach) (IPM Manual Group, 1985) Young (1967) and verified using a LI-COR model 1600 steady-state pyrometer (LI-COR, Lincoln, Nebr.). The proportion of dehiscent anthers for each selection and RH was recorded after 0, 2, 4, 9, 18, 30, 42, 48 , and 70 h. Anthers were scored as dehiscent when the anther suture split and individual pollen grains could be observed at or outside the suture split.
Effect of RH on dehiscence of anthers on detached whole flowers. For each test, at least 10 whole normal-appearing flower buds of Received for publication 20 July 1998. Accepted for publication 17 Nov. 1998. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. 1 To whom reprint requests should be addressed. each selection were collected in 1995 at the white-tip (apricot) or pink-bud stage. Each bud was placed over a 2-mL vial of distilled water, using a perforated plastic film over the top of the vial so that the pedicel was in water but the hypanthium was not. Trays containing complete samples of all selections were placed at a constant temperature of 25 °C in clear plastic boxes at 33%, 64%, or 97% RH, generated as described previously. The proportion of flowers having at least one dehiscent anther, as well as the proportion of dehiscent anthers within each flower for each selection and RH, were recorded at 0, 2, 12, 24, 36, 48, 60, and 72 h. Moldy or otherwise damaged flowers were not scored.
Statistical analysis. Data were analyzed using SAS's REG procedure (Ver. 6.11, SAS, Cary, N.C.) to evaluate the linear regression of anther dehiscence with time for each genotype and RH.
Results and Discussion
Anther dehiscence was suppressed with increasing RH (Fig. 1 ). The highest RH tested, 97%, was most effective in suppressing dehiscence in whole flowers and almost completely suppressed dehiscence in excised anthers. Small changes in RH often resulted in distinctly different anther dehiscence patterns, as seen in the difference between 87, 93 and 97% RH for detached anthers. Dehiscence of detached anthers was often similar at 33% and 64% RH, suggesting a response threshold at low RH ( Fig. 1 and Table 2 ). Clearer differences in anther dehiscence between these lower RH levels were observed when whole flowers were tested ( Fig. 1 and Table 3 ). Response curves for detached anthers were more linear than those for whole flowers which typically showed a staggered or stepped increase with time ( Fig. 1 and Table 3 ). The first anthers to dehisce were often attached to the same petal or group of adjacent petals. The delicate tissue structure and high surface area make petals effective sensors of atmospheric moisture (Corbet, 1990; Lisci et al., 1994) . Prolonged exposure to desiccating environments or damage to this tissue can lead to water loss and ultimately to desiccation of both the petal and attached anther (Frankel and Galun, 1977; Gilissen, 1976; Schmid, 1976; Stanley and Linskens, 1974) . Individual petals may also act as reservoirs of moisture for the maturing anthers (Corbet, 1990; Lord, 1981) . Such an integrated response in Prunus may have contributed to the step-wise increase with time in anther dehiscence in whole flowers (Fig. 1 ). Once anther dehiscence had begun in an individual flower, it continued at a fairly constant rate. While the rate and final proportion of dehiscence differed for each species (as summarized in Fig. 1) , the general within-flower pattern was similar for all selections tested. Differences in desiccation rates among individual flowers in the same test may have resulted from more subtle differences in the structure and composition (thin cuticle, disorganized epidermal cells, stomata, etc.) of anthers, anther filaments and petals (Corbet, 1990; Frankel and Galun, 1977; Gilissen, 1976; Schmid, 1976; Stanley and Linskens, 1974) . Between-and within-species differences for anther dehiscence rates at tested RHs (Fig.  1, Tables 2 and 3 ) suggest important genetic influences on this process. Apricot was distinguished from the other species by a rapid anther dehiscence at low RH and measurable dehiscence at 97% RH, even for detached anthers (Fig. 1) . Similar responses were observed in the apricot 'Tilton' and several seedling selections tested (data not shown), in agreement with the observation of Layne et al. (1996) that apricot anthers in detached flowers will sometimes dehisce in the buds at typical field temperatures. Almond was distinguished from peach and apricot by its delayed anther dehiscence at low RH and suppressed anther dehiscence at very high RH. This pattern was also seen in progeny from 'Nonpareil' x 'Mission' crosses (data not shown). Peach, however, showed the full range of variability between these responses. The lowest levels of anther dehiscence at 97% RH were similar to those for almond, while the highest levels of anther dehiscence approached those for apricot. At 97% RH, peach anther dehiscence was completely suppressed in detached anthers but moderately variable when whole flowers were tested. 'Dr. Davis', the only nonshowy flowered peach tested, had the highest level of dehiscence at 97% RH. Many commercial processing peach cultivars possess large, almond-like, showy flower petals, rather than the smaller and more ragged nonshowy petals. Anther dehiscence in apricot, which has nonshowy flowers, was also high at 97% RH, although, as previously discussed, some dehiscence was also observed in detached anthers (Fig. 1) . A more rapid anther dehiscence in nonshowy flowers may be a result of the more open architecture of such flowers or the lower moisture reserves in the smaller petals as proposed for other species by Corbet (1990) and Frankel and Galun (1977) . We had previously observed that anther dehiscence in showy-flowered peach selections in the field was totally suppressed at RH near 100%. We have exploited this behavior to make outcrosses to these genotypes without emasculation. Branches or whole trees were enclosed and internal humidities allowed to approach 100%, but without allowing noticeable water condensation on the flowers or stems. When flowers were fully opened, the enclosure was removed and cross-pollen applied before anthers of the seed parent dehisced. Subsequent seed were screened for accidental selfs using genetic markers, usually the ee (eglandular leaf) gene as described by Scorza and Sherman (1996) . Results have been inconsistent, however, possibly because excessive moisture on the stigma of treated flowers resulted in bursting of the applied pollen grains (Bassani et al., 1994; Heslop-Harrison, 1979; Konar and Linskens, 1966) .
Almond, which had showy, self-incompatible flowers, bloomed in mid-to late February in 1995 in California when rains were frequent and daytime temperatures averaged 18.3 °C. The apricots tested, which had relatively small, nonshowy and self-compatible to partially selfincompatible flowers (Layne et al., 1996) , bloomed just after almond. The self-compatible peach bloomed during early to mid-March when the threat of rain was reduced and average daytime temperatures approached 20 °C. No consistent relationship was observed between anther dehiscence and time of bloom (Table 1, Fig. 1 ). While the influence of field temperatures on the dehiscence of Prunus anthers has not been studied, higher temperatures would be expected to promote anther desiccation and dehiscence, as reported by Yates and Sparks (1993) in pecan, whereas lower temperatures would be expected to suppress dehiscence, as reported by Layne et al. (1996) for apricot. Such temperature effects could be important, since field temperatures from 1987 to 1997 ranged from -5.6 to 26.7 °C in February, and from 0.6 to 33.3 °C in March.
Anther dehiscence in an F 2 progeny from an almond x peach interspecific cross was intermediate between the parental extremes, as demonstrated by the samples in this study (Fig. 1, Table 1 ). Evidence for transgressive segregation for anther dehiscence under high RH was evident in the high anther dehiscence of the last selection in Fig. 1 (A x P2, a vigorous peach-type tree with clingstone peach fruit). While little is known about the genetic control of anther dehiscence in Prunus species, genetic factors controlling anther sac dehiscence have now been well characterized for other crop species (Goldberg et al., 1993) . A x P2 also retained the self-compatibility gene from peach. The combination of selfcompatibility and cleistogamy would allow unrecognized self-pollination, which could confound genetic studies and retard breeding progress. Indeed, dehiscent anthers have been observed in the field for this and related selections in closed, pink-tip to popcorn stage flower buds. The frequency of cleistogamy was less than 10% but still much higher than normally observed (usually <0.1%) in either almond or peach. Occasionally pollen could also be seen on the stigma, which is often in contact with pre-anthesis anthers because of crowding within the unopened bud. While studies to test the occurrence of cleistogamous pollen germination and fertilization have not yet been completed, earlier research by Herrero and Arbeloa (1989) indicated that the peach stigma matures well before the ovary does. Cleistogamy, while frustrating to breeding studies, might offer unique opportunities to protect these early flowering tree crops from both inclement weather (Corbet, 1990) and serious diseases such as flower blight caused by Monilinia sp., which appears to infect through exposed anther filaments (Ogawa et al., 1985) .
The general suppression of anther dehiscence by RH levels typical of the near-saturated humidities found in intact, unopened flower buds make the probability of cleistogamy relatively low in peach and almond, but higher in apricot. However, the risk of such unwanted pollinations in breeding programs, the potential for employing cleistogamy to protect field pollinations from inclement weather and disease, and the opportunities for avoiding the need for emasculation in controlled crosses, argue for continued efforts towards a more detailed understanding of the genetic and environmental factors controlling this process.
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